INTRODUCTION: EMERGING WEB-INTELLIGENCE APPLICATIONS FOR COMPETITOR AND MARKET INTELLIGENCE
The aim of competitive intelligence (CI) is to analyse and exploit information about a company's competitors and sectors of activity to determine its competitive strategy and to develop new knowledge about its competitors in an increasingly complex and fast-moving economy to maintain levels of innovation and thus gain a competitive advantage (Amarouche et al. 2015) . The most popular term used in the literature is competitive intelligence, followed by business intelligence (BI) and market intelligence (MI) (Dutoit 2015) .
The lack of sufficient and reliable information sources about competitors can restrict the capability of CI (Xu et al. 2010) . Traditionally, information about competitors has mainly been obtained from press releases, analyst reports, and trade journals, and recently also from competitors' websites and news sites. Unfortunately, such information is mostly generated by the company that produces the product; therefore the amount of information is limited and its objectivity is questionable (Xu, et al. 2010 ). Competitive intelligence is favoured at the expense of strategic management as a field and has evolved over the years as a result of the need for enterprises to scan the complex external environment (Dutoit 2015) . Competitive intelligence provides the company with a clearer picture of its competitive environment, while the increasingly frequent use of information and communication technologies (ICT), including online shopping sites, blogs, social network sites, and forums, provides incentives for companies to promote their advantages over their competitors (Amarouche et al. 2015) .
Due to the emergence of Web 2.0, including social media, CI now has a potentially wide field for developing new applications. The large numbers of customer-generated product reviews often contain information about competitors and have become an interesting source of competitive and market intelligence to mine (Xu, et al. 2010) . Finding the weakness of products from customer feedback can help manufacturers improve their product quality and competitive strength. In recent years, more and more people have begun expressing their opinions about products online, and both the feedback of manufacturers' own products and their competitors' products could be easily collected (Chang et al. 2012) .
Several applications have been developed for next generation CI/MI. The opportunities associated with data and analysis in different organizations have helped generate significant interest in business intelligence and analysis (BI&A). BI&A is often described as the techniques, technologies, systems, practices, methodologies, and applications for analysing critical business data to help an enterprise better understand its business and market, and to make timely business decisions (Chen et al. 2012) . Opinion mining in product CI was discussed by Amarouche et al. (2015) . A system to efficiently analyse patent data, a patent trend change mining (PTCM) approach that can identify changes in patent trends without the need for specialist knowledge, has been proposed by Shih et al. (2010) . Market intelligence from microblogs, which have become great sources of consumer opinions, has been developed in the form of compact numeric summarization of opinions by Li et al. (2013) , from which the proposed mechanism can effectively discover market intelligence (MI) to support decision-makers. In 2012, Chang et al. introduced Weakness Finder, which helps manufacturers find their product weakness by using aspect-based sentiment analysis on Chinese reviews. In computational linguistics, irony is one of the more challenging topics in sentiment classification, and tools to detect irony were described by Reyes and Rosso in research focusing on identifying key components for the task of irony detection (2012) .
This paper describes an opinion mining approach to discover the public acceptance of carbon capture and storage (CCS) technology, in order to highlight influences on long-term R&D strategy. Compared to media images of solar and biomass power (Nuortimo 2017a&b) , differences exist, and can be used to highlight the link and differences between existing theoretical base.
CASE CARBON CAPTURE AND STORAGE (CSS)
The need to reduce atmospheric CO2 has resulted in several global agreements (e.g. Kyoto Protocol, 1997; Paris Agreement, 2015) , all affecting environmental legislation, technology strategies, and decision-making of individual companies. The large-scale adoption of CCS in combination with increased energy efficiency is seen as one option to halt CO2 emissions in the short run (Wennersten et al. 2015) . Power plants with CCS in addition to large shares of low carbon generators such as renewables would be required to meet the global targets (Brouwer et al. 2015) . Carbon capture and storage facilities coupled with energy efficient power plants would provide a strategy to permit the continued use of fossil fuels whilst reducing CO2 emissions. The CCS process includes three stages of capture and compression of CO2 from power stations, transport of CO2, and storage away from the atmosphere for hundreds to thousands of years (Hammond et al. 2011) .
However, regardless of the potential, the technology deployment has not been realised due to lack of economic incentives, regulations, and public acceptance (Nuortimo 2012) . Technologies have been connected with societal controversies in the past; for example, nuclear power and gene technologies have been surrounded by dispute, potentially causing public rejection. Past rejection of technologies by the public emphasises the urgency to understand the psychological features of societal acceptance of technologies (Gupta et al. 2012) . Public acceptance of technologies such as CCS is crucial for successful introduction into the society (Huijts et al. 2012) . In this study, the media image of CCS, especially in social media (SoMe), was studied to find possible implications for public acceptance of CCS technology. This was done by reviewing the relevant CCS discussions and studying the media image of CCS from 2014 to 2016. The main research question is formulated as: what is the media image of CCS and its possible implications for public acceptance, and, furthermore, how does this relate to coal combustion technologies in general?
This paper is organised as follows. First the literature is analysed in terms of the important aspects of CI/MI tools and developments, case CCS and related public acceptance and market deployment, and subsequently with application of the new method, opinion mining with machine-based media analysis. A possible link from media image to product market deployment is suggested in the discussion section. Then follows the methodology section, including explaining the learning machinebased media analysis that was used to demonstrate the importance of visibility for technology acceptance. Finally, discussion, conclusions, and policy implications are presented. This methodology is rather new and experimental, but its main contribution is highlighting the paradigm shift from humanmade media analysis to machine-made analysis with a multidisciplinary approach, and describe its possibilities in technology intelligence, especially in weak-signal detection related to long term R&D strategy decisions.
Public acceptance of CCS
The viability of CCS, or any other technology, is influenced by economic, regulatory, and technical aspects, but also by public acceptance. Public acceptance of CCS is seen to depend on people's sense of trust in stakeholders and not solely on the properties of the technology itself. (Terwel et al. 2011) . The size of the project and local history as well as trust in stakeholders may influence local public acceptance of CCS (Dütschke 2011) . Trust in organisations also affects people's perceptions of the magnitude of risk and the benefits as well, impacting their acceptance of CCS (Terwel et al. 2009 ). Similar logic has been presented, for example, for public acceptance of gene technology (Siegrist 2000) and also for nuclear waste where overwhelming political opposition has been fueled by the public's perception of risks (Slovic et al. 1991) . Education about CCS can also affect public acceptance by highlighting qualities of the technology that the public finds acceptable and thereby reducing fundamental opposition (Itaoka et al. 2004) . Public acceptance of different CCS elements-namely plant type, transport, and storage-may, however, be different, as Wallquist et al. (2012) Lay attitudes toward CCS are also seen as relevant, and the lack of public acceptance is seen to potentially reduce the viability of CCS severely (Terwel et al. 2009 ). In fact, people's acceptance is seen as critical for the widespread deployment of any low-carbon technologies to become viable options for reducing CO2 emissions (Fleishman et al. 2010) . The way CCS might contribute to reducing the impact of global warming is unclear, even to those who believe they have a good understanding (de Best-Waldhober et al. 2009 ). This is interesting, as many studies indicate that awareness of the necessity of preventing global warming can be crucial to the acceptance of CCS (Itaoka et al. 2009; Tokushige et al. 2007) Past examples exist for lack of public acceptance being a major hindrance for developing new energy infrastructure costeffectively, affecting many technologies, including nuclear (Grove-White et al. 2006) , CCS (Bradbury et al. 2009 ), wind farms (Firestone and Kempton 2007) , gene technology (Siegrist 2000) , nanotechnology (Siegrist et al. 2007a) , and many others. Public acceptance in these cases is typically affected by fears of radiation (Kim et al. 2013) , CO2 being released from the ground and causing suffocation (Wallquist et al. 2009 ), potential noise or threat to animals (Wolsink 2007) , and unknown consequences (Zechendorf, 1994; Siegrist et al. 2017b ).
Public acceptance is somewhat an unknown factor in developing public policy for CCS technology (Itaoka et al. 2004) . Only educating in order to increase public awareness of need for mitigating CO2 emission would not directly increase the acceptability of CCS (Itaoka et al. 2004 ), but information may increase support for some aspects of the technology, such as storage options. On the other hand, information on CCS may in some cases result in stronger opposition (Palmgren et al. 2004) , particularly against geological storage under the ocean. It is noteworthy that public acceptance depends on information sourced from different actors, especially people's influence on each other, emphasizing trust (Huijts et al. 2007) . International examples may also be required to enhance confidence and trust in CCS, as public acceptance is seen as a requirement for market deployment (de Coninck et al. 2009 ). In fact, high public acceptance is seen as one of the critical factors for widespread deployment of various CCS projects (Zhang and Huising 2017) .
Public acceptance is seen as one of the important obstacles for CCS implementation, along with a lack of policy framework, costs, and international regulatory framework, a factor that is seen to potentially have the biggest effect on commercial success (Gough 2008) . In some ways, however, public acceptance is viewed among other uncertainties surrounding CCS (Lohwasser and Madlener 2012) . Benefit and risk perceptions are seen to influence on the progress of the technology (Wallquist et al. 2010) . Wüstenhagen et al. (2007) describes three types of public acceptance to highlight different aspects of market deployment, namely sociopolitical acceptance, market acceptance and community acceptance. Bell et al. (2007) note how public acceptance can have multiple dimensions by indicating that the acceptance of generic technology might be very different from that of local projects. Regardless of general acceptance of CCS, 'not in my backyard' (NIMBY) attitudes can appear when facilities are proposed close to one's own communities, yet attitudes about CCS are based on concepts and perceptions, not on actual past events, making the possibilities of comparing NIMBY attitudes to other energy industry developments somewhat limited (Krause et al. 2014) .
Although there are many CO2 storage sites available, the possibility of CO2 leaking from the storage area has affected public opinion towards the technology. Wallquist et al. (2011) found the NIMBY attitudes to exist towards both CO2 pipelines and storage sites. Such attitudes persist regardless of techno-economic aspects favouring the large technology market deployment of near-zero CO2 power production in the medium term (10-20 years). Due to public fears, CCS market deployment in the form of building a commercial-size demonstration plant (for example oxyfuel technology) has been delayed (Santos 2015) . The situation has been seen to have strong linkages to public acceptance and as well as to political decision-making.
CCS technologies have been increasingly communicated during their development, starting from the early 2000s (Ashworth et al. 2009 ). The topic has also attracted, to a lesser extent, attention on social media. Due to the fact that CCS technology is still under development, its commercialisation is dependent on public opinion and on related media communication.
Market deployment includes the actions towards managing organisational resources in the marketplace (Slotegraaf et al. 2003) , and deployment is the next step after the R&D activities in the product cycle (Midttun and Gautesen 2007) . Various factors (political, technological, financial, etc.) can promote market deployment.
CCS market deployment necessitates achieving effective emission reduction incentives alongside public-private funding for R&D (Gielen et al. 2014) . From the technological perspective, the energy mix and ambitious CO2 reduction targets impact market deployment, whereas should coal be part of the energy mix, CCS is seen as the only technological solution worth deploying (Folke et al. 2011) .
Investment costs and CO2 allowance prices strongly influence the market deployment of coal-fired CCS power plants (Lohwasser and Madlener 2012) . Money is an important factor in the market deployment of new energy industry solutions that necessitate private finance (Mathews et al. 2010) . Market deployment of new technologies such as CCS requires significant investments and entails some technological risks to demonstrate their viability (Burnham et al. 2013) .
Attracting the attention of government and industrial sectors is important for CCS market deployment since incentives, financial support, the regulatory system, and venture capital require widespread participation of government and businesses (Dapeng and Weiwei 2009) . Complementary policies and incentives are seen to impact market deployment (Grubler and Riahi 2010) . Systemic policy strategy is necessary for market deployment to overcome any technology barriers and manage the risks (Åhman et al. 2013) . Different types of policies are potentially needed for supporting lowcarbon technologies along with the technology maturity to support the level of market deployment (IEA 2010) .
Because it comprises the measures that aim at promoting energy technologies from early research to market deployment, an energy technology policy is needed (Ruester et al. 2014) . Initiatives such as the Strategic Energy Technology Plan, the technology pillar of the EU's energy and climate policy adopted by the European Union in 2008, are the first steps toward establishing an energy technology policy for Europe. This type of initiative may eventually result in market deployment of key low-carbon technologies at the European level (Fütterer et al. 2014) .
Market deployment is potentially hindered by the commonly understood fact that it typically takes some thirty years for a new technology to materialise and to build the necessary expertise, capacity, and knowledge (Kramer and Haigh 2009) . Further, those R&D efforts that focus on technologies with modest potential for mitigating climate change result in market deployment initiatives for technologies to remain fragmented (Grubler and Riahi 2010) . In the case of CCS, the time is now critical for the potential market deployment (Maddali et al. 2015) . Market deployment takes its time as the extensive number of wells required for global scale deployment of CCS limits the possibilities of deploying CCS on a wide scale in a rapid manner (Maddali et al. 2015) .
Public opinion and attitudes are reflected in political decision making, impacting policies, regulations, and even finance. Hence, the realities of CCS market deployment can be affected by the public accepting the technology.
Research methodology
This study is a first attempt to study media image, public acceptance, and product market deployment by first studying the literature and then comparing the results to findings from empirical analysis through opinion mining with learning machine-based media analysis of a vast number of editorial and social media sources. Therefore, this work is not directly related to one specific field of study; supporting literature is gathered from CI/MI and technology intelligence methods, as well as from corporate decision-making, and is used to describe a possible link from SoMe users to possible effects in company management. The basic research principles have been used in different fields, but are now applied to a single case; in the same way, public acceptance studies have been carried out on other topics using media analysis but with much smaller data sets. Bursher et al. (2015) applied a similar approach with editorial content media framing and sentiment analysis by software. In this study the application of media framing, cluster analysis and statistical methods were considered to be non-applicable. This is due to the comparison of editorial content with social media and to the fact that media frame comparability between two different types of communication is challenging with a large amount of data. Hence, the learning machinebased media analysis is applied in this study to demonstrate the importance of visibility, whether it would be a driver for technology acceptance, namely public acceptance and product market deployment, or not. The main reasons for choosing the opinion mining approach along with the learning machine-based media analysis method was its applicability to large global data sets (both from editorial content and SoMe), fast data processing, and reduced risk of bias caused by human perceptions and interpretations (Matthes & Kohring 2008) . The analysis period and data for this study covers one year, including a major international climate conference, the Paris COP21. Much narrower sentiment analyses have previously been carried out in the field of marketing, yet this study applies the existing elements in a new way. The users of the social web now have a new role as data providers, which seems to provide an excellent platform for analysing public attitudes (Penalver-Martinez et al. 2014) . By adopting a media analysis approach and a particular tool, the quantity of media sources to be analysed is drastically increased compared to questionnaires and interviews or traditional media analyses. Merely relying on qualitative methods such as research interviews would entail challenges, compared to a global media coverage study. For example, responses can be difficult to code and answers may vary by participant, while respondents can provide socially acceptable responses, telling what is considered acceptable, to the researcher (Sovacool et al. 2012) . The analysis in this study was conducted to clarify the social acceptance status of CCS technology in order to investigate the possible connection to recent challenges in technology market deployment. The analysis findings were synthesised to obtain a clear view of the effect of media image, resulting social acceptance on CCS technology development, and related market deployment. Hence, the research setting in this article is media analysis, where media sentiment is analysed to discover possible implications for public acceptance, political decision-making, and technology market deployment.
The methodology used in this study can be considered a fairly new method in media research, especially in a comparison of global editorial media and global social media. In the past, some attempts have been made to create an automated tool for analysing nuclear power acceptance (Reis et al. 2011 ), but media sentiment has not been clarified to this extent. This study relies on commercial software to mine the opinions relating to CCS, a similar method to that applied by Bursher et al. (2015) . Opinion mining can be seen as a highly active research field consisting of natural language processing, computational linguistics, and text analysis technologies with an aim to get various added-value and informational elements from user opinions (PenalverMartinez et al. 2014) .
The analysis was conducted to clarify the CCS technology's media image. Also, the potential effects on social acceptance of technology and its commercialisation were highlighted by comparing literature to data analysis. Hence, the research setting used in this article is media analysis for one case, which is then compared to different, similar analyses (Nuortimo 2017 a&b) M-Adaptive software is used as the main tool in the learning machine-based analysis of global editorial and social media (SoMe) sources. In this study, the M-adaptive sources cover 3 million social media platforms globally and 100,000 news outlets in 71 languages in 236 regions (M-Brain 2015) . Sentiment analysis was carried out based on a combination of linguistic knowledge and human-aided machine learning, which means that the software suggested classifications to researchers who then provided feedback on correctness. By repeating this process a number of times the system learned to improve its classification of content into sentiment categories (M-Brain 2015) . In practice, the sentiment-coding expressions in the text were first recognised and classified automatically. The software matched all relevant CCS-related documents after which the sentiment-focused types were assessed, while the overall compound judgement displayed four options: positive, negative, neutral, and mixed. Data analysis was conducted from 4 December 2014-28 February 2016, by searching 'Carbon Capture Storage' and 'CCS', which included a total of 4496 data points (3380 editorial/1116 SoMe).
According to M-Brain's internal tests, 80 percent of the sentiments are correct on average for a given document when using the M-Adaptive software. Hence, it is possible that the system may make a mistake with any given individual document, due to inherent ambiguity in natural language. Further, it is widely known that humans do not agree 100 percent in similar tests either, due to some individuals not being capable of identifying humour or sarcasm. As is the case for any artificial system, humour, sarcasm and irony are beyond the system's abilities to understand. However, catching the trends in the data becomes more accurate as the number of analysed documents increases, meaning that with large volumes, the overall model qualitatively matches human judgement on the same data.
RESULTS OF MACHINE-AIDED MEDIA ANALYSIS OF CCS TECHNOLOGY
The large number of data points enabled the analysis of media sentiment towards CCS. Figure 1 depicts overall sentiments towards CCS in both editorial publications and social media.
The number of hits for CCS (4496) was low compared, for example, to wind power during the same period (76,819), indicating relatively low visibility of CCS in the media. The results show that CCS resulted in positive hits mostly in editorial publications but also in social media. Nevertheless, a larger proportion of negative hits in social media indicate lower levels of public technology acceptance. Additionally, the number of SoMe hits is smaller compared to editorial hits, which also indicates less exposure to the general public. Further analysis shows that 33% of hits in the editorial publications were negative and 47% positive, indicating relative technology acceptance among scientists, experts, and journalists. The number of mixed and neutral hits is relatively small, which seems to indicate a consensus towards CCS (Figure 2) . Attitudes in social media appeared somewhat different compared to editorial publications. Figure 3 indicates that public sentiment toward CCS in social media is also mostly positive (45%) with only a minor 2% difference compared to editorial publications. The amount of negative hits was 3% higher than in editorial publications, indicating a bit more negative attitude. In mixed hits the difference was 6-11%, which can be seen as an indication of stricter view expression in social media. However, the 4% more neutral hits seem to indicate that some groups have not yet firmly fixed their attitudes, which can be considered an indication of a need to increase communication efforts in SoMe. Figure 4 illustrates the social media sentiment of CCS across different media. Dividing the social media sentiment by media type reveals that blog writing has attracted most of the social media attention with over six hundred hits, of which the largest share is positive towards CCS. Also Facebook has been active with over 250, mostly negative, hits. Due to a more visible number of negative hits, the social media effect can be considered quite large when public opinion towards technology is formed.
In Figure 5 , media sentiment in selected countries is presented. In Germany, France, and Finland, the sentiment was more positive than in China or Australia, emphasising the need for further communication efforts.
Relevant international events may also influence the appearance of pertinent writings in the media and media sentiment at the time. For example, during the Paris COP negotiations from 30 November to 12 December 2015, a total of 279 hits appeared in the media. The media attention towards CCS was approximately doubled during these two weeks compared to an average of 300 hits a month ( Figure 6 ) (calculated as monthly average over 15 months).
Aside from the visibility of CCS being relatively low, it was evident that the editorial hits during the meeting were more negative than usual with 47% negative hits for CCS, while the same for SoMe was only 34%. The normal 15-month averages were 33% and 36%, respectively. The percentages of positive hits during the Paris COP negotiations were 44% and 49%, respectively, while the 15 month averages were 47% and 45%.
DISCUSSION
This paper describes the media image of CCS technology, with possible implications especially from SoMe for public acceptance and product market deployment, by synthesising a possible literature-based connection and demonstrating the role of visibility of CCS technology via advanced media analysis. When comparing the literature and empirical findings, the following can be observed. CCS has smaller media exposure with a more positive image. According to some communications theories, large media exposure can have some effect, whether positive or negative; small exposure maybe doesn't affect at all, and small attention is transferred to be negative-if something is unknown, it has more associated risks. Here, this is visible via the number of hits through various media-channels, especially in the editorial/SoMe ratio. When comparing CCS to the case of biomass, CCS also has a positive image with a small number of hits, making the impact smaller. In the case of CCS, one of the main findings is that it is rather unknown, which is the worst case, because people can be afraid of what they don't know. This is evident both from literature as well as from our analysis, therefore partly validating the method used.
In the case of CCS, both communication and corporate stakeholder literature prove beneficial for explaining the phenomenon. For example, traditional stakeholder salience theory does not fully take into account general public attitudes, which can influence corporate decisions both directly and indirectly. In the case of CCS, it is evident that: 1) Literature states that CCS is unknown (Wallquist et al. 2011) , which is empirically true due to low numbers of media hits. 2) PR-communication theory implies that if technology is unknown, it can have poor acceptance (McCorkindale et al. 2013) . This is evident via the opposition to end storage in different countries and single projects. Also, empirical country by country analysis indicates a high percentage of negative hits in countries with no deployment, such as Australia, and also a high percentage of negative hits in SoMe, such as in Finland. 3) Communication has been intraand interspecialistic (Ashworth et al. 2009 ). This follows the funnel model by Bucci et al. (2008) . This is empirically visible via the low number of hits, indicating the urgency to increase communication activities to the general public already in the beginning of the product development cycle. 4) Poor media image can possibly have an effect on technology market deployment in the case of CCS. This can be deducted from points 1-3. 5) Means to measure media image have previously been challenging to apply to large global data sets. This study incorporates a new method, opinion mining approach including machine learning, which is tested and found applicable for fast large dataset sentiment analysis.
The total media sentiment relating to CCS was found to be generally positive based on the analysis due to a relatively large number of positive editorial hits, among the rather low media visibility. In the social media, the sentiment seemed to be a bit more negative. For example, Facebook appeared as a platform with active discussions concerning CCS with over 250, mostly negative, hits. The appearance of CCS in various platforms used by the public highlights the role of social media in shaping opinions.
The sentiment also varies by country, as, for example, Germany and France had positive attitudes, whereas Australia had a negative media sentiment, with no deployment of the technology possibly twined with the sentiment. The sentiment can also vary among the type of Figure 6 Media hits during Paris COP 30.11-12.12.2015. media, as, for example, in Finland, the editorial content was seen to be more positive than in the social media. The general attitude towards the technology may differ from the local as for example in Germany, it seems that NIMBY is large, regardless of positive general attitudes in both editorial and SoMe content, and as projects have been cancelled due to challenges in finding end-storage sites. Such matters are not directly visible in media analysis and therefore this is a limitation of the utilised methodology. The analysis, however, indicates that general public opinion can be an important factor for public acceptance, and derived from that aspect, also for political decision making. Hence, from the perspective of market deployment, it seems that the more editorial and SoMe content CCS can obtain the better, to counteract the status of being unknown, whereas all possible scientific, technical, marketing and PR communication efforts are important for CCS market deployment, especially those targeted to the general public.
The media sentiment toward a technology can be affected temporarily by relevant international events, such as the global climate negotiations, Paris COP 21, during which the media sentiment seems to be influenced in one way or another. In this case the effect towards CCS by the editorial publications was mostly negative.
Although the needs of CO2 reduction and the related agreements are of a global nature, technology commercialisation is influenced by regional politics and legislation. It is to be noted that local NIMBY attitudes are not necessarily clearly visible by using the approach in this study. Any discrepancies between media sentiment and the actual project implementation seem to be a clear indication of stronger NIMBY attitudes.
It would seem that one of the main benefits of the study lies in discovering global trends and technology development directions with a larger data set than previous studies, and also trying to establish new methodology for bigdata-based media research. Also, this study highlights effectively the differences in channels of communication that may affect public acceptance and perhaps political decision making. The role of SoMe is continuously increasing and presents a challenge for technology developers. It seems that at some level, a speculative negative link from public acceptance, economics, and policies to technology market deployment might exist in the case of CCS.
Another contribution of this study lies in incorporating a method formerly utilised mainly for marketing purposes to study media image and, furthermore, trying to find correlations to public acceptance of CCS, therefore bringing a new angle to related media and social acceptance issues. This is a new approach compared to questionnaire-or interview-based studies with moderate data sets of some hundreds of data points that are used in similar studies (e.g. HerasSaizarbitoria et al. 2011) . When compared to regular qualitative studies, the method has its positives and negatives, but it can be considered an approach that might provide a basis for longitudinal data-series analysis in the future.
As highlighted by Sovacool (2013) , quantitative tools can make it difficult to indicate nuances and variance, and they also seldom look for acceptance. However, by utilising this method and comparing editorial content and SoMe, some indication of acceptance appears to have been gained. Hence, it is straightforward that this type of approach would be best, if supplemented with qualitative methods, such as questionnaires. The software sets some limitations, although it still allows the analysis of extensive data sets. The important local media sentiments, such as the NIMBY syndrome (Wolsink 2000) , have not been analysed.
In accordance with the results by HerasSaizarbitoria, et al. (2011) , it would seem to be a call for research combining qualitative and quantitative study on the public acceptance issue of CCS technologies. The type of approach involving vast data might be most useful to sight larger trends and could be complimented by qualitative methods, such as questionnaires and interviews. Also further text analysis methods could be applied, such as framing and discourse analysis, but as in this case, the comparability of two large data sets can be challenging. This is due to different types of communication in SoMe, such as hate speech. The changes that take place in the mass media coverage and framing can also affect public acceptance (Heras-Saizarbitoria, et al. 2011) . However, this is not so visible when using this type of approach. Also, these types of issues are often emotionally charged, potentially influencing the appearance of the issue, particularly in social media. According to Stieglitz and Dang-Xua (2013) , emotionally charged social media messages tend to be repeated more often and more quickly compared to neutral ones. Hence, there is a possibility that media sentiment is influenced by these types of factors.
The managerial implications of this study are related to MI/CI method utilization, and also public acceptance research method development issues. This study highlights the fact that in traditional stakeholder theories, a SoMe participant is not considered so much as a salient stakeholder. However, when combining SoMe users into larger groups, there are possible implications at the corporate level in cases needing both proper political decisions and regulatory environment and policies, as well as long-time R&D activities with also perceived technical and HSE risks. This study tries to find applications of a new method for power plant investment-related media analysis, a learning machine-based sentiment analysis that utilises a very large global data set. Managers working with relevant issues can potentially benefit from the results or the potential of the methodology. The method is applicable to analysing global attitudes, and also their changes, for example, during the time of relevant international events. Furthermore, managers planning power projects or long-term R&D development projects may benefit from understanding the needs for public engagement, and the urgency of social media participation. Figure 7 describes a possible chain from CCS mediaimage to product market deployment.
This chain starts from public image, which influences people's perceptions of technology. In addition to traditional news media, which can shape public opinion regarding any issue by emphasising certain elements of the broader controversy over others (Shah et al. 2002) , social Media (SoMe) presents more direct opinions, often including emotional content (Stieglitz and Dang-Xua 2013) . The application of social media is seen to support market intelligence and product development (Berendsen et al. 2015) . Media framing in editorial content has the potential to influence public acceptance as attention is focused and placed on a field of meaning (HerasSaizarbitoria, et al. 2011) . Following this reasoning, in PR-communication literature, the rule of effects describes the chain from media exposure via attention, comprehension, motivation, and behavioural trial to sustained behavioural change (McCorkindale et al. 2013 ). According to the rule of effects, in the rule of halves describing the effect is halved in each step, leaving the percentage from media exposure to sustained behavioural change to 0.78 %, emphasising the need for extensive media exposure. For CCS, one main challenge when the public perception is considered is that in most countries, the public is rather unfamiliar with the technology (Wallquist et al. 2011) . This also seems to indicate that communication activities so far have been mostly intra-and interspecialistic, following the funnel model by Bucci et al. (2008) , which states that more popular communication is usually done in the commercialisation stage of the product development.
Media image influences public acceptance, and furthermore, public opposition can influence CCS projects directly in the form of local action groups, and indirectly via making the political climate unfavourable for CCS (Wallquist et al. 2011) . Recent years have witnessed proliferation of studies on public perceptions of CCS, accompanied by the efforts to translate such knowledge into toolkits for public engagement and communication. At the same time, both literature and toolkits have paid little attention to the organisational dynamics and views of project implementers with regard to public engagement (Breukers et al. 2015). Allowing for improved understanding of the global capacity and applicability of CCS is seen to potentially strengthen the global trust, awareness, and public confidence in CCS technology (de Coninck et al. 2009 ). For nuclear waste, it was observed that long-term, stable contacts with the local politicians and population are important, but also, as can be seen from the Finnish decision by Parliament, a good contact with the national politicians is necessary. However, there is not necessarily a link between national public acceptance (or lack of it) and political decisions. National decisions, however, require a local acceptance (Le Bars, Y., et al.) .
A US-based study found that individually, both CCS and biomass are perceived generally as beneficial for energy development by the news media, though they are not often mentioned in combination, as FeldpauschParker et al. (2015) emphasise their value for climate change mitigation and as an alternative to fossil fuels. Earlier examples of failed technology commercialisation have indicated that social acceptance is a decisive factor for technologies, including CCS, while the early adoption of the general public may be essential for technology acceptance (Ashworth et al. 2009 ).
As a final step from public acceptability to managerial decision-making and technology deployment, a stakeholder salience model (Mitchell et al. 1997 ) can be considered. The stakeholder salience model introduces three key attributes for stakeholder classification: power, legitimacy, and urgency. The question is: how can one evaluate the groups communicating via SoMe? How can one measure someone's power, legitimacy, or urgency when posting opinions in various discussion forums or on Twitter? Considering development and technology deployment of a single company, these groups have seemingly no power, legitimacy, or urgency and could therefore be considered traditionally to be nonstakeholders in the decision making and would be perceived as having no salience by the firm's managers. However, reflecting on Figure 7 , in the case of CCS product market deployment, one pathway for this is suggested.
Furthermore, Figure 8 is synthesised, suggesting that earlier stakeholder adoption would benefit from CCS market deployment. The findings from media study support this hypothesis via implicating negative attitudes toward the technology, especially in SoMe, and low levels of hits in general, implying unknown technology. The figure illustrates how CCStechnology development would have potentially benefited from the earlier stakeholder adaptation. Furthermore, due to lack of public acceptance, second generation CCS-technology, development is under risk.
Some of the managerial implications of this paper are also related to the R&D decisionmaking process and the social media influence. This study indicates that investments in CCS technology may not be favourable due to uncertainties in public acceptance. It was clearly visible that the amount of media attention was not large enough to fully support product commercialisation. The utilised artificial learning machine-based analysis tool may prove beneficial when evaluating social acceptance issues affecting long-term R&D investments. Hence, as a practical implication, this study emphasises the need for more versatile analysis of factors affecting long-term R&D investments with strong public involvement both directly and via political decision-making.
The limitations of this study include the analysed media sentiment being limited to those classifications possible with the used keywords and also to the English language. Using other keywords, or not including some topics, might provide slightly different results. In addition, framing, cluster analysis, and statistical methods were found difficult to apply as the comparability between editorial content and SoMe could have been lost. In addition, although statistical techniques are widely used among communications scholars to identify news frames, they are criticised for not being able to do so in a conceptually valid manner (Carragee & Roefs 2004) . This also brings a challenge to further research. The utilised method may entail some uncertainties that require further studies. Results correlate to literature, so that based on the analysis, CCS is unknown and also has more positive sentiment. Also, the methods that were used for CCS product life-cycle estimation are not based on calculated figures and are only directional. In addition to addressing the limitations of this study, relevant future research could relate to developing the machine/artificial intelligencebased methods further.
CONCLUSIONS AND POLICY IMPLICATIONS
New AI, computational linguistics and machine learning methods can be utilized for weak signal detection in CI/MI and strategic planning functions of a company. Public acceptance appears as a clearly essential part of the energy market products' market deployment, an issue that should be addressed during the early stages of a product life-cycle. The overall visibility of a technology is important, while if public acceptance is ignored, it can cause delayed or abandoned market deployment of long-term energy production technologies, accompanied by techno-economic issues. This paper has twofold implications. Firstly, it studies CCS media image with a new type of method, public acceptance, and product market deployment based on literature. Secondly, it highlights the importance of visibility and studies possibilities for closing the gap between the rhetoric and technical progress inherent to CCS, which is critically important to global climate mitigation efforts. Developing strong international cooperation to demonstrate CCS with global coordination, transparency, costsharing, and communication as guiding principles would facilitate efficient and costeffective collaborative global learning about CCS. Founded on the learning machine-based media analysis, it appears that the popular type of communication might have been beneficial to start to a larger extent during the early stages of CCS product development.
As a policy implication, the media image of technologies, possibly affecting larger audience groups' public acceptance, can be studied by means of learning machine-based analysis. This type of analysis indicates the majority of attitudes in both editorial publication and social media. Learning machine-based analysis provides a fast way for policy makers to get information on the general public sentiment.
The media image of CCS was found to be mainly positive-however, small and unknown, implying a need to push towards regulations to provide some common ground to commercialise CCS technologies. However, the visibility of CCS is currently lacking. Policies favouring CCS could be created as an implication of positive media image; however, not in my back yard (NIMBY) attitudes need to be assessed and addressed locally.
As a future field of study, the further evaluation of adoptability of this type of opinion mining approach to weak signal detection of BI/MI activities is one topic to consider. Additionally, opinion mining method development and the application itself would be an interesting field of study.
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